Abstract. In this paper, a single inductor in the conventional multilevel boost converter is replaced by the voltage-lift switched-inductor cell. This
Introduction
DC-DC boost converters are widely used in industrial application and renewable energy system. In many applications high efficiency and high voltage boost DC-DC converter are required to interface between low voltage sources to high voltage load side.
The conversion efficiency and high voltage gain are not easy to achieve with conventional boost converter due to parasitic component [1] . In order to obtain high output voltage, the traditional boost converter should operate at extreme duty cycle this limits the switching frequency and converter size, also increase the electromagnetic interference (EMI) levels [2] . Many research papers are being proposed several compensation topologies for overcoming these challenges and improving quality.
The converter with the coupling inductor can provide high voltage gain in non isolated DC-DC converters in proportion to winding turns-ratio [3] [4] [5] , but their efficiency is degraded due to the accompanying leakage inductance. Isolated boost converter topology satisfies high efficiency and high voltage gain [6] [7] [8] [9] , but the system size is large. And because of transformer used, there is the limitation as to the maximum operating temperature above which the magnetic core heating due to core losses. Avoiding the transformers or/and coupling inductors brings obvious benefits of cost, size and absolutely efficiency. Non-isolated DC-DC multilevel boost converter for achieving high voltage gain by using low voltage devices is presented and discussed [10] [11] [12] . It combines the function of conventional boost converter and Cockcroft-Walton voltage multiplier, see Fig 1. Some of advantages are self voltage balancing, high voltage gain without using extreme duty cycle, only one drive switch, low voltage stress and without a transformer. Moreover, more output levels can be increased adding capacitors and diode without modifying the main circuit. Recently, there have been a converter developed [13] which meets the formal requirements of high efficiency and high voltage gain. The simple structure of converter is based on bootstrap capacitors and switched inductors [14] [15] [16] [17] .
In this paper, a converter topology based on the combination of voltage-lift switched inductor cell and multilevel converter is proposed. The voltage lift switchedinductor cell is used as the first stage to boost a DC source voltage. The second stage is voltage multiplier cell, it is used to generate more high DC voltage from the first stage. The operational principles and steady state analysis have been verified by simulation and small circuit experiments.
Proposed converter topology
In Figure 1 , shows a voltage-lift switched-inductor cell, when stage is ON both inductors L 1 and L 2 and the capacitor C v are charged in parallel by input voltage source. When stage is OFF both inductors and capacitor are discharged in series to obtain high voltage gain. 
Analysis of operation
Consider a proposed converter in which both inductors L 1 and L 2 have the same value. The following description focuses on discussing the basic operating principles of the proposed converter.
The switching diagrams with main steady-state waveforms during main switch S 1 turned on and turned off period are shown in Fig. 3 . During switch S 1 is turned off (Fig. 4b) , both inductors L 1 and L 2 releases energy to capacitor C 1 through diode D 3 . The capacitor C 3 is charged by C 2 through D 5 . The expressions are
The corresponding voltage across each inductor with voltage balance on the switching period is
The change of each inductor current over one period is zero, then
Therefore, the voltage across capacitor C 1 is derived as
For two-level converter, the output voltage is expression as
Assume the average value of capacitor current over the period is zero, the average input current is
where: o I -output current. Since the peak-to-peak current variation of inductor L 1 current during switching on period i L1 is denoted as
For CCM, The minimum current through the inductor should not less than zero (I minL1  0), so that
The boundary between CCM and DCM is obtained as the minimum value of the inductor.
The voltage-lift switched-inductor DC/DC multilevel boost converter circuit is shown in Fig.5 , by adding the multiplier cells. The steady-state characteristics of converter circuit are listed in Table 1 . 
where, N -number of levels of converter.
Switches' and diode's voltage drop
In actual implementations the voltage drop across the switches and all diodes must be taken into account. For simplicity, the voltage drop in switches and diodes is assumed to be equal to V d . Therefore, the voltage across capacitor C 1 is derived as
The advantage of the multilevel converter topology is that it provides an output of several capacitors in series with the same voltage. According to [11] , the efficiency of the multilevel converter is given by
The power losses of the proposed converter circuit can be calculated as follows (16) out in loss
From (15) and (17), the power losses is defined as
Simulation and experimental result
Voltage-lift switched-inductor two level boost converter is implemented in the laboratory to demonstrate the practicability of the proposed converter. The proposed converter is operated in CCM under full-load condition. The minimum value of both inductors is calculated from equation (13), all circuit parameters are shown in Table. 2. The simulation software PSIM was applied the proposed converter in the open-loop operation. All diodes and switch are ideal.
In Fig. 6 shows the startup traces of output voltage V Load and output current I Load from the zero condition to the steady state. The measured value of V Load = 95.5 V and I Load = 637.0 mA. In the hardware testing circuit, the parameter is the same value as simulation. The N-channel mosfet IRF2807PBF is selected as the power switch S 1 . The drainsource resistance is 13.0 m. All diode are realised by using MUR460, the forward voltage drop is 1.05 V. Therefore, the practical output voltage is smaller than the theoretical because of the effects of parasitic parameter.
The output voltage and output current waveform are shown in Fig. 7 
Conclusion
A voltage-lift switched capacitor DC/DC multilevel boost converter is proposed in this paper. The proposed converter topology combines the function of voltage-lift switchedinductor cell and voltage multiplier cell to get more high voltage gain without transformer. The operation principle and steady state performance are analysed. The PSIM simulation results and an experimental result verify that high step-up voltage gain can be achieved.
Moreover, the advantages of this proposed converter are that it needs only one power dive switch, more level can be obtained by adding the diode-capacitor voltage multiplier cell. Another disadvantage of the proposed converter is that for higher level, more passive component will be used.
